INTRODUCTION
Improved grain yield is the ultimate aim for cereal breeders and is based on the performance of yield components together with a conducive environmental condition (Sahin and Yildirim, 2006) . Leaves being the sites of photosynthesis have an obvious relationship with grain yield (Monyo and Whittington, 1973) . Compared to other leaves, the flag leaf contributes the most of photosynthetic assimilates in wheat; therefore, it assumes the greatest importance in association with grain yield (Lupton, 1973; Senthold et al., 2003) . The dry mater contributed by the flag leaf to the kernel in wheat accounts for 41 to 43% and is the major photosynthetic site during the grain filling stage (Athwal, 1968; Berdhal et al., 1972) . Leaf size is an important parameter for determining differences in dry weight yield and grain yield in cereals and is related to photosynthetic area above the *Corresponding author. E-mail: irfaq@live.com. flag-leaf node; therefore, FLA should be one of the major objectives of plant breeding programs (Thorne, 1965) . Based on the conclusion of Sahin and Yildirim (2006) , larger flag leaf area is correlated with higher assimilates in wheat kernel due to efficient photosynthesis.
All previous genetic studies relevant to the inheritance of flag leaf traits were either based on diallel analysis (Hsu and Walton, 1970; Jain and Singh, 1976; Ilyhchenko, 1977; Sahin and Yildirim, 2006) or generation means analysis (Bariga, 1980; Cristaldo et al., 1992; Simon, 1999; Saleem et al., 2005) which measure the trait only as the polygenic system without measuring the effect of individual genes . The statistical approach used in the present investigation has the power to determine individual effects up to two major genes as well as, the collective epistatic effects of polygenes . Because of the high cost of the molecular techniques, population and sample size restriction, and the interference of errors, QTL technique has limited applications in breeding (Gai and Wang, 1998) . Based on the efforts of Wang (1996) , joint segregation analysis (JSA) is the segregation-analysis method used to identify the mixed inheritance model of QTLs and to estimate related genetic parameters; this takes large advantage of the sample size available for plant quantitative traits (Gai and Wang, 1998) .
In light of the superiority of the JSA over the previous approaches, the present study was undertaken to find out (i) the genetic diversity for FLA among the genotypes to be used in cross combinations, (ii) genetic mechanism of FLA through hybridization between the parents of larger and smaller FLA and vice versa and (iii) the number and individual effects of major genes, and cumulative effect of the major as well as, polygenes involved in controlling the FLA.
MATERIALS AND METHODS
Genetically diverse parents (Tables 1, 2 and 3) were selected from wheat germplasm as reported by Irfaq et al. (2011) 2) . During each year, the populations of the crosses were planted as randomized complete block design (RCBD) in three replications. Keeping 5 m row length, two rows were planted on parents (P1, P2) and F1 population, four rows on each of B1 and B2 and 8 rows on F2 populations of both the crosses in each replication. The plant to plant and row to row spacing was maintained 10 and 30 cm, respectively. Seeds were sown at 2.5 cm depth at the rate of 2 seed per hill which were later thinned to single healthy seedling per hill after germination. Flag leaves from the selected plants of each of the populations were cut at the stage of dough (stage 83, Zadoks' scale, Zadoks et al., 1974) and were pressed over night in between two plane surfaces in order to remove the twist. Flag leaf area (cm 2 ) was then measured with USA made automatic light reflecting leaf area meter (Model Li-3100). Observations were recorded on 60 plants from each of the two homozygous parents (P1 and P2), 90 from each of first filial generation (F1), 150 from each of the two backcrosses (B1 and B2), and 200 from each F2 generation.
Statistical approach
Number of major genes and their effects controlling FLA were determined by subjecting the data to the five groups consisting of 24 different genetic models described in Table 5 of the JSA specially designed for the six basic populations (Gai and Wang, 1998; Gai et al., 2003 Gai et al., , 2007 . Based on the assumptions of Wang (1996) , Gai and Wang (1998) , Gai and Zhang (2003) and that is, diploid nuclear inheritance with no cytoplasmic effects, no linkage between major genes and polygenes, no selection and equal variances within the P1, P2 and F1 populations as well as, normal distribution in any segregating generation due to the polygenic and environmental effects, suitable genetic models for each cross were determined by using maximum log of likelihood values (Dempster et al., 1977; McLachlan, 1988; Wang and Gai, Khan et al. 3979 1997) and Akaike's information criterion (Akaike, 1977) . As suggested (Gai and Wang, 1998; Zhang et al., 2003) , further selection of the best fit model was made on the basis of all nonsignificant or least number of significant values of the three χ 2 statistics (Table 6 ) that is, (Gai and Wang, 1998) . The data were analyzed by using sin.exe software and the major gene-polygenes mixed inheritance model to a joint analysis of multi-generations . In case of the best fit model, the values of second order genetic parameters as well as σ mg 2 and σ pg 2 for B1, B2 and F2 were worked out with the help of proposed formulae Zhang et al., 2003) by using excel program of windows. Under the second order genetic parameters (Table 8) , the phenotypic variation (σp 2 ) is partitioned into genetic and environmental variation (σe 2 ) for the two crosses. The genetic component of variation in turn is subdivided into variation due to major genes (σmg 2 ) and polygenes (σpg 2 ). Based on Mather and Jinks (1982) , the values from µ1 to µ69 of Table 7 indicate different means of component distributions (Wang and Gai, 2001; regarding six generations which are to be put in the formulae as suggested by Gai et al. (2003) for calculating 1st and 2nd order genetic parameters.
RESULTS

Frequency distribution and mean values
To determine the number of major genes, their individual effects, and combined effect due to polygenes, cross 1 and 2 were performed in the manner as given in the materials and methods under development of six populations. Mean FLA of each parent is presented in Tables 1 and 4 . The frequency distribution of six populations (P 1 , F 1 , P 2 , B 1 , B 2 and F 2 ) along the range of FLA and mean values ( ). The mean values and frequency distribution further indicated that B 1 and B 2 were tended towards their respective pollen donor parents during the both years. However, they showed larger FLA than the parents of smaller FLA. The situation is presented in Table 4 , that is, in cross 1, it was 47.9 and 45.6 cm 2 for B 1 and B 2 , respectively, during first year; 43.5 and 34.0 cm 2 for the same generations, respectively, during the second year. In case of cross 2, 1) Origin; 2) Pedigree; 3) Plant height (cm): height of the fully mature plants from the soil surface to the top of the ear excluding awns length. days to 50% flowering; 4) Days to flowering: days from sowing to ears emergence; 5) Days to 50% maturity: days from date of sowing till the appearance of physiological maturity (when plants color turned yellow); 6) Grain filling duration (days): counting number of days from the date of heading to that of physiological maturity, that is, turning yellow (Przulj and Mladenov, 1999) ; 7) Flag leaf area (cm 2 ): calculated manually using the formula ( length x breadth x 0.74); 8) Number of tillers plant -1 : productive tillers (ears) of individual selected plants were counted; 9) Number of spikelets spike -1 : the number of spikelets spike -1 were counted by taking the main spikes of the selected plants; 10) Number of grains spike -1 : the same main spikes were hand threshed, separately, cleaned and their seed were manually counted; 11) 1000 grains weight (g): 1000 dry grains were manually counted from each selected plant and weight was determined by using electronic balance; 12) Grain yield plant -1 (g): selected individual plants from each accession were hand threshed, separately, and their grains were weighed using electronic balance. (Gai and Wang, 1998; Gai et al., 2003; . parents with smaller FLA.
Selection of alternative and best fit models
Based on maximum likelihood values (not shown) estimated through IECM algorithm and smallest Akaike's information criterion (AIC) for different genetic models presented in Table 5 ; B-1, D, D-2, D-4, E-1 and E-3 were the most suitable genetic models for the crosses during both years. Table 6 , D-2 representing one major gene with additive effect and polygenes with additive-dominance effect (Table 5) was the best fit model for crosses 1 and 2 during both years whereas, model E-1 representing the mixture of two major additive-dominant-epistatic genes plus additive-dominant polygenes (Table 5) was the best fit for cross 2 during the second year.
First order genetic effects according to the best fit models
The first and second order genetic parameters ( Table 8 ) for best fit model of each cross were worked out from the component parameters of the respective models given in Table 7 . Under the first order genetic parameters the additive effect that is, d due to single major gene was recorded 13.7, the collectively additive effect of the polygenes [d] was -7.0, whereas the dominant effect due to the polygenes [h] was 14.5 for cross 1 during year 1 (Table 8) . Under the same best fit genetic model that is, D-2 for cross 1 during year 2; d (additive effect of single major gene), [d] (additive action of the polygenes) and [h] (Dominant action of the polygenes) were estimated at 13.5, -5.7 and -1.0, respectively (Table 8 ).
In the case of cross 2, two different models that is, D-2 and E-1 were the best fitting during the first and second year, respectively. Under model D-2, the first order genetic parameters that is, d (additive effect of single major gene), [d] (additive action of the polygene) and [h] (dominant action of the polygenes) for cross 2 during the second year were recorded as -15.9, 10.3 and 5.6, respectively (Table 8) . For the same cross during the second year, the additive 'd a ' and dominant 'h a ' effects due to first (A) and second (B) major genes were -7.3 and -15.9, respectively, under model E-1. The same estimates (d b , h b ) were recorded as -11.5 and -18.6 for the second major gene, respectively. The additive × additive epistatic effect that is, i due to the two major genes was -7.9.
Additive × dominant and dominant × additive epistatic effects for the two major genes were -6.4 and -0.6, respectively. The dominant × dominant epistatic effect due to the two major genes i.e. l was pronounced and estimated to be 19.8 (Table 8 ). Pronounced additive [d] and dominant [h] effects due to the polygene system were 30.6 and 11.1, respectively (Table 8) . The values of 'm' represent the average of parental means involved in the cross (Table 8) .
Estimates of heritability and environmental variation (second order parameters)
Under the second order genetic parameters of Table 8 , ) for B 1 , B 2 , and F 2 of cross 1 was recorded as 39.9, 38.9 and 59.3%, respectively, during first year, and 9.6, 19.1 and 44.3%, respectively, during the second year. Low polygene heritability (h pg 2 ) for these generations of the cross were 5.8, 3.6 and 5.8%, respectively, during the first years, and 5.4, 11.4 and13.2%, respectively, during the second year. Similarly,
